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Abstract of JP 2002195876 (A) 
PROBLEM TO BE SOLVED: To provide a non- 
contact vibration measuring method capable of 
removing the effect of sound sources near a 
measured surface by a simple installation and 
capable of performing measurement in a short time. 
SOLUTION: A first sound tube 1 1 is disposed so 
that its opening 11 a is apart from the measured 
surface la by a distance h. The sound pressure PO 
of a sound emitted from the measured surface 1 a Is 
measured in the sound tube 1 1 at a position apart 
from the opening 1 1 a by a prescribed distance Ln. A 
vibration plate 17 having a prescribed area Si and 
vibrating at a vibration speed Vi is disposed in a 
second sound tube 15 capable of exhibiting a 
propagation characteristic nearly equal to that of the 
sound tube 1 1 at a position apart from Its opening 
15a by the prescribed distance Ln,; The sound 
pressure Pi of a sound emitted from the vibration 
plate 1 7 Is measured outside the sound tube 15 at a 
position confronting the opening 1 5a and apart from 
the opening 15a by the prescribed distance h. A 
propagation characteristic HPi is calculated from the 
area Si, vibration speed Vi, and sound pressure Pi, 
according to HPi=Si&times Vi/Pi. The volume 
velocity QO of the measured surface Is calculated 
from the propagation characteristic HP! and the 
sound pressure PO, according to V0= PO&times HPi. 
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Abstract: 

PROBLEM TO BE SOLVED: To provide a non-contact vibration measuring method capable of 
removing the effect of sound sources near a measured surface by a simple installation and 
capable of performing measurement in a short time. SOLUTION: A first sound tube 11 is 
disposed so that its opening 11a is apart from the measured surface la by a distance h. The 
sound pressure PO of a sound emitted from the measured surface la Is measured in the sound 
tube 11 at a position apart from the opening 11a by a prescribed distance Ln. A vibration plate 
17 having a prescribed area Si and vibrating at a vibration speed Vi is disposed in a second 
sound tube 15 capable of exhibiting a propagation characteristic nearly equal to that of the 
sound tube 11 at a position apart from its opening 15a by the prescribed distance Ln. The 
sound pressure Pi of a sound emitted from the vibration plate 17 is measured outside the sound 
tube 15 at a position confronting the opening 15a and apart from the opening 15a by the 
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prescribed distance h. A propagation characteristic HPi is calculated from the area Si, vibration 
speed Vi, and sound pressure Pi, according to HPi = SixVi/Pi. The volume velocity QO of the 
measured surface is calculated from the propagation characteristic HPI and the sound pressure 
PO, according to V0= POxHPi. 
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JPO Machine translation abstract: 

(57) Abstract(Modified) 

Technical problem Offer of the oscillating instrumentation method by non-contact 
measurable / that the influence of the sound source near the measured plane can be 
eliminated with easy equipment / with a short time . 

Means for SolutionThe 1st sounding tube 11 is arranged so that the opening 11a may 
estrange only the distance h from the measured plane la, The sound pressure PO of a sound 
emitted from the measured plane la in a position which estranged only the prescribed distance 
Ln from the opening 11a within the 1st sounding tube 11 is measured, The diaphragm 17 which 
has prescribed area Si and vibrates by the velocity of vibration Vi is arranged so that only the 
prescribed distance Ln may be estranged from the opening 15a in the 2nd sounding tube 15 
that can demonstrate a propagation characteristic almost equal to the 1st sounding tube 11, 
The sound pressure Pi of a sound emitted from the diaphragm 17 in a position which counters 
with the opening 15a out of the 2nd sounding tube 15, and estranges only the prescribed 
distance h from the opening 15a is measured. According to Hpi=Si xVi /Pi, the propagation 
characteristic Hpi is computed from area Si, the velocity of vibration Vi, and the sound pressure 
Pi, and the volume velocity QO of a measured plane is computed according to VO =POxHpi from 
this propagation characteristic Hpi and the sound pressure PO. 



Claim(s) 

Claim IThe 1st sounding tube that has an opening at the end is arranged so that this opening 
may estrange only the prescribed distance h from a measured plane. The sound pressure PO of 
a sound emitted from said measured plane in a position which estranged only the prescribed 
distance Ln from said opening within said 1st sounding tube is measured, It arranges so that 
only said prescribed distance Ln may be estranged from said opening in the 2nd sounding tube 
that has an opening for a diaphragm which has prescribed area Si and vibrates by the velocity 
of vibration Vi at the end, and can demonstrate a propagation characteristic almost equal to 
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said 1st sounding tube, The sound pressure Pi of a sound emitted from said diaplnragm in a 
position which counters with said opening out of said 2nd sounding tube, and estranges only 
said prescribed distance h from this opening is measured, An oscillating instrumentation 
method computing the propagation characteristic Hpi according to following formula Hpi=Si 
xVi /Pi from said area SI, the velocity of vibration Vi, and the sound pressure Pi, and computing 
the volume velocity QO of a measured plane according to following formula QO =P0 xHpi from 
said propagation characteristic Hpi and the sound pressure PO. 

Claim 2An oscillating instrumentation method which is the oscillating instrumentation method 
according to claim 1, and is characterized by blockading the other end of said 1st sounding 
tube. 

Claim 3An oscillating instrumentation method which is the oscillating instrumentation method 
according to claim 1 or 2, and is characterized by arranging a sound-absorbing material at least 
in a part on each inner skin of said 1st and 2nd sounding tubes. 

Claim 4According to following formula Hpi=Si xVi /Pi, the propagation characteristic Hpi is 
computed from the 2nd sound pressure measuring device characterized by comprising the 
following, said area SI and the velocity of vibration VI, and the sound pressure Pi, this 
propagation characteristic Hpi and the sound pressure PO. from -- following following formula 
VO =POxHpi — the volume velocity QO of a measured plane An oscillating instrumentation 
system provided with operation part to compute 

The 1st sounding tube arranged so that it may have an opening at the end and this opening 
may estrange only the prescribed distance h from a measured plane. 

The 1st sound pressure test section that measures the sound pressure PO of a sound which is 
arranged In said 1st sounding tube and emitted from said measured plane so that only the 
prescribed distance Ln may be estranged from said opening. 
The 1st sound pressure measuring device it has. 

The 2nd sounding tube that has an opening at the end and can demonstrate a propagation 
characteristic almost equal to said 1st sounding tube, A diaphragm which is arranged in said 
2nd sounding tube, has prescribed area Si, and vibrates by the velocity of vibration Vi so that 
only said prescribed distance Ln may be estranged from said opening. The 2nd sound pressure 
test section that measures the sound pressure Pi of a sound which Is arranged out of said 2nd 
sounding tube, and is emitted from said diaphragm so that it may counter with this opening in a 
position which estranged only said prescribed distance h from said opening. 

Claim 5An oscillating instrumentation system which is the oscillating instrumentation system 
according to claim 4, and is characterized by blockading the other end of said 1st sounding 
tube. 

Claim 6An oscillating instrumentation system which is the oscillating instrumentation system 
according to claim 4 or 5, and is characterized by arranging a sound-absorbing material at least 
in a part on each inner skin of said 1st and 2nd sounding tubes. 



Detailed Description of the Invention 
0001 

Field of the InventionThis invention relates to the method and device which measure surface 

vibration of a structure. 

0002 

Description of the Prior Artin order to hneasure vibration of a structure generally, the 
accelerometer is used widely. However, when vibration of a low-mass portion was measured 
like measurement of surface vibration of the thin gauge structure which noise tends to 
generate, or measurement of the plane of vibration of a loudspeaker, even if it used the small 
accelerometer, there was inconvenience that the mass will affect a measurement value. 
00030n the other hand, according to the technique of asking for the velocity of vibration by 
non-contact, it is possible to perform oscillating measurement of a low-mass portion correctly. 
As such a technique, the method of using a laser Doppler velocimeter (LDV), the sound 
intensity method, the acoustical holography method, etc. are known. 
0004 

Problem(s) to be Solved by the InventionAlthough the sound intensity method is used 
widely and is well known also as particle- velocity mensuration, when a strong sound source 
exists near the portion under test, there is a problem that a possibility that a measurement 
error will increase that it is easy to receive the influence is high. By the method and acoustical 
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holography method for using LDV, there is inconvenience that equipment is large-scale and that 
it is expensive, in the method of using especially LDV, it is easy to receive change of the 
reflectance of a portion under test, and the influence of shape, and there is also a problem that 
measuring time including adjusting time takes great time. 

OOOSThis invention was made in view of the above-mentioned actual condition, and is ****. 
The purpose does not need equipment, but the influence of the sound source near the 
measured plane can be eliminated, and it is offer of the oscillating instrumentation method of 
the structure by non-contact measurable with a short time , and a ******** system. 

0006 

Means for Solving the ProblemAn oscillating instrumentation method concerning this 
invention that the above-mentioned purpose should be attained, The 1st sounding tube that has 
an opening at the end is arranged so that this opening may estrange only the prescribed 
distance h from a measured plane, The sound pressure PO of a sound emitted from said 
measured plane in a position which estranged only the prescribed distance Ln from said opening 
within said 1st sounding tube is measured, It arranges so that only said prescribed distance Ln 
may be estranged from said opening in the 2nd sounding tube that has an opening for a 
diaphragm which has prescribed area Si and vibrates by the velocity of vibration Vi at the end, 
and can demonstrate a propagation characteristic almost equal to said 1st sounding tube, The 
sound pressure Pi of a sound emitted from said diaphragm in a position which counters with 
said opening out of said 2nd sounding tube, and estranges only said prescribed distance h from 
this opening is measured. According to following formula Hpi = Si xVi /Pi, the propagation 
characteristic Hpi is computed from said area Si, the velocity of vibration Vi, and the sound 
pressure Pi, and the volume velocity QO of a measured plane is computed according to following 
formula VO =P0 xHpi from this propagation characteristic Hpi and the sound pressure PO. 
0007An oscillating instrumentation system concerning this invention is provided with the 
following. 

The 1st sound pressure measuring device. 
The 2nd sound pressure measuring device. 
Operation part. 

OOOSThe 1st sounding tube arranged so that said 1st sound pressure measuring device may 
have an opening at the end and this opening may estrange only the prescribed distance h from 
a measured plane. It has the 1st sound pressure test section that measures the sound pressure 
PO of a sound which is arranged in said 1st sounding tube and emitted from said measured 
plane so that only the prescribed distance Ln may be estranged from said opening. The 2nd 
sounding tube that said 2nd sound pressure measuring device has an opening at the end, and 
can demonstrate a propagation characteristic almost equal to said 1st sounding tube, A 
diaphragm which is arranged in said 2nd sounding tube, has prescribed area Si, and vibrates by 
the velocity of vibration Vi so that only said prescribed distance Ln may be estranged from said 
opening. It has the 2nd sound pressure test section that measures the sound pressure Pi of a 
sound which is arranged out of said 2nd sounding tube, and is emitted from said diaphragm so 
that it may counter with this opening in a position which estranged only said prescribed 
distance h from said opening. Said operation part computes the propagation characteristic Hpi 
according to following formula Hpi=Si xVi /Pi from said area Si, the velocity of vibration Vi, and 
the sound pressure Pi, and computes the volume velocity QO of a measured plane according to 
following formula VO =P0 xHpi from this propagation characteristic Hpi and the sound pressure 
PO. 

0009According to the above-mentioned instrumentation method and the instrumentation 
system, the volume velocity QO of a measured plane is called for by a noncontact state from a 
measured plane. Since a large device is not included on structure, large-scale equipment is not 
needed, Since it is reflected in an outer wall of the 1st sounding tube, the radiation sound from 
other than a measured plane can eliminate influence of a sound source near the measured 
plane, and further, that it is hard to receive change of reflectance of a measured plane, and 
influence of shape, since adjusting time is unnecessary, it can measure it in a short time. 
OOlOIn the above-mentioned instrumentation method and an instrumentation system, the 
other end of said 1st sounding tube may be blockaded. Thereby, influence of a radiation sound 
from other than a measured plane can be eliminated still more certainly, and the accuracy of 
measurement improves. The other end of the 2nd sounding tube may be blockaded similarly. 
OOllln the above-mentioned instrumentation method and an instrumentation system, a 



http://minesoft5.minesoft.net/npd£^MTJP2002 1 95876.htm 



11-08-2009 



PatentOrder MT 



Page 5 of 17 



sound-absorbing material nnay be arranged at least to a part which it is on each inner skin of 
said 1st and 2nd sounding tubes. Thereby, generating of resonance is controlled in the 1st and 
2nd sounding tubes, and the accuracy of measurement improves. 

0012In an aforesaid measuring method and a measurement system, it may be one sounding 
tube with which said 1st sounding tube and said 2nd sounding tube are common. Thereby, 
since the 1st sounding tube and 2nd sounding tube can demonstrate a certainly equal 
propagation characteristic, the accuracy of measurement improves. Since It is not necessary to 
form two or more sounding tubes, simplification of a system is attained. 

0013AS for a cross-section area of said 1st and 2nd sounding tubes, in an aforesaid measuring 
method and a measurement system, it is preferred to be set up smaller than area which serves 
as a plane wave to object upper limited frequency. Thereby, since a measured plane and a 
radiation sound from a diaphragm are spread, respectively, without decreasing inside of the 1st 
and 2nd sounding tubes, their accuracy of measurement improves. 

0014The sound pressure Pi of a sound emitted from said diaphragm on the surface of a rigid 
high member by position which counters with said opening out of said 2nd sounding tube, and 
estranges only said prescribed distance h from this opening in an aforesaid measuring method 
and a measurement system may be measured, Said 1st sounding tube may be arranged along 
a normal line direction of said measured plane. 

OOlBThe velocity of vibration VO of a measured plane may be computed according to following 
formula VO =Q0 / SO from the volume velocity QO and the area SO of a measured plane. 
0016 

Embodiment of the InventionHereafter, one embodiment of this invention is described based 
on a drawing. 

0017They are a mimetic diagram showing the state where drawing 1 (a) does not have a 
mimetic diagram of the 1st sound pressure measuring device of this embodiment, drawing 1 (b) 
does not have a mimetic diagram of the 2nd sound pressure measuring device of this 
embodiment, and drawing 2 (a) does not have the 1st sounding tube, and a mimetic diagram 

showing the state where drawing 2 (b) has the 1st sounding tube. 

OOlSFIrst, the basic constitution of the instrumentation system concerning this embodiment is 
explained. 

0019AS shown in drawing 1 (a) and drawing 1 (b), the instrumentation system concerning this 
embodiment is provided with the following. 
The 1st sound pressure measuring device 3. 
The 2nd sound pressure measuring device 5, 
Operation part 7 and 9. 

0020The arbitrary parting planes (measured plane) la of the vibrating wall 1 which Is a 
measuring object had the prescribed area SO, and the 1st sound pressure measuring device 3 is 
provided with the 1st sounding tube 11 and 1st microphone (1st sound pressure test section) 
13. The 1st sounding tube 11 is a tube-like object made of metal or resin in which the same 
sectional shape follows linear shape along with the medial axis, and the openings 11a and lib 
which present said sectional shape are formed in the both ends. The 1st sounding tube 11 has 
been arranged along the normal line direction of the parting plane la, and the opening lla of 
an end has estranged only the prescribed distance h from the parting plane la. The microphone 
13 is arranged in the 1st sounding tube 11 so that only the prescribed distance Ln may be 
estranged along with a medial axis from the opening la, it measures the sound pressure PO of 
the sound emitted from the parting plane la, and outputs it to the operation part 9. The 
operation part 9 computes and outputs the volume velocity QO and/or the velocity of vibration 
VO by the method of mentioning later. 

0021The 2nd sound pressure measuring device 5 is provided with the following. 
The 2nd sounding tube 15. 

The loudspeaker 19 which has the diaphragm 17. 
The rigid high support plate 21. 

The 2nd microphone (2nd sound pressure test section) 23. 

0022The 2nd sounding tube 15 is a tube-like object made of metal or resin in which the same 
sectional shape follows linear shape along with the medial axis like the 1st sounding tube 11, 
and the openings 15a and 15b which present said sectional shape are formed in the both ends. 
The 2nd sounding tube 15 has shape almost equal to the 1st sounding tube 11, a size, and 
construction material so that a propagation characteristic almost equal to the 1st sounding tube 
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11 can be demonstrated. As long as the state where insulation is very high is acquired 
necessarily identically as for these elements, both construction material may be different. 
0023The diaphragm 17 is arranged in the 2nd sounding tube 15 so that only the prescribed 
distance Ln may be estranged along with a medial axis from the opening 15a of an end. The 
diaphragm 17 has prescribed area Si and vibrates by the velocity of vibration Vi. The support 
plate 21 is arranged almost vertically to the medial axis of the 2nd sounding tube 15 at the 
position which counters with the opening 15a out of tiie 2nd sounding tube 15, and estranges 
only the prescribed distance h from the opening 15a. It is fixed on the outside surface of the 
support plate 21 in the position which estranged only the prescribed distance h from the 
opening 15a, and the microphone 23 measures the sound pressure Pi of the sound emitted from 
the diaphragm 17, and outputs it to the operation part 7. The operation part 7 computes and 
outputs the propagation characteristic Hpi by the method of mentioning later. 
0024Thus, the 1st sound pressure measuring device 3 and the 2nd sound pressure measuring 
device 5 are constituted equivalent about the propagation characteristic of a sound. 
0025Next, the instrumentation method concerning this embodiment Is explained. 
0026The 1st sound pressure measuring device 3 and the 2nd sound pressure measuring device 
5, Since it is constituted equivalent about the propagation characteristic of a sound, the volume 
velocity QO of a reciprocity theorem to the parting plane la, The relation of a following formula 
(1) is materialized between the sound pressure PO detected with the microphone 13, the 
volume velocity Qi of the diaphragm 17, the sound pressure Pi detected with the microphone 
23, and the propagation characteristic Hpi. 
0027QO / PO =Qi /Pi =Hpi -- (1) 

Here, as for the volume velocity QO, the area SO and the velocity of vibration VO of the parting 
plane la ask for the volume velocity Qi by area Si and the velocity of vibration Vi of the 
diaphragm 17 according to a following formula (2) and (3), respectively. 
0028QO =S0 xVO - (2) 
Qi =Si xVi - (3) 

Therefore, the following formula (4), (5), and (6) is called for from a formula (1), (2), and (3). 
0029Hpi = Si xVi /Pi - (4) 
QO =P0 xHpi - (5) 
VO =P0 xHpi/SO - (6) 

When measuring the volume velocity QO and/or the velocity of vibration VO of a sound which 
are emitted from the parting plane la, first, the 2nd sound pressure measuring device 5 is 
used, the sound pressure Pi of the sound emitted from the loudspeaker 19 (diaphragm 17) is 
detected with the microphone 23, and it is inputted into the operation part 7. Area Si and the 
velocity of vibration Vi of the diaphragm 17 are beforehand inputted into the operation part 7, 
and are memorized, and the propagation characteristic Hpi is computed according to a formula 
(4) from these Pi , Si, and Vi. 

OOSONext, the 1st sound pressure measuring device 3 is used, the sound pressure PO of the 
sound emitted from the parting plane la is detected with the microphone 13, and it is inputted 
into the operation part 9. The propagation characteristic Hpi computed by the operation part 7 
and the area SO of the parting plane la are beforehand inputted into the operation part 9, and 
are memorized, and the volume velocity QO and/or the velocity of vibration VO of the parting 
plane la are computed according to these PO , Hpi, and SO to a formula (5) and/or (6). When 
only the volume velocity QO is computed, the area SO of the parting plane la does not need to 
be inputted into the operation part 9. 

OOSlAccording to such an instrumentation method and an instrumentation system, it can ask 
for the volume velocity QO and/or the velocity of vibration VO of the parting plane la by a 
noncontact state from the parting plane la. 

0032Since a large device is not included on structure, large-scale equipment is not needed. 
0033The radiation sound from other than parting plane la is reflected in the outer wall of the 
1st sounding tube 11. For example, if sound pressure Pm near the parting plane la is measured 
with the microphone 25 in the state where the 1st sounding tube 11 is not formed as shown in 
drawing 2 (a), sound pressure Pm detected will be influenced by leak lump of the oscillating 
radiation sound Pj from an adjoining parting plane. For this reason, detection of the radiation 
sound only from the parting plane la which is a measuring object is difficult. On the other hand, 
as shown in drawing 2 (b), where the 1st sounding tube 11 is formed. It is reflected in the outer 
wall of the 1st sounding tube 11, and the radiation sound from other than parting plane la is 
spread inside the sounding tube 11 by only the plane wave according to the velocity of vibration 
VO of the parting plane la, and can measure the sound pressure PO with the microphone 11. 
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That is, the influence of the sound source near the parting plane la can be eliminated. 
0034That it is hard to receive change of the reflectance of a measured plane (parting plane 
la), and the influence of shape, since adjusting time Is unnecessary, it can measure extremely 
in a short time. 

0035The sectional shape in particular of the 1st sounding tube 11 and the 2nd sounding tube 
15 is not limited, and shape with various circular, rectangles, etc. may be applied. 
0036The 1st sounding tube 11 and 2nd sounding tube 15 may be one common sounding tube. 
Thereby, since the 1st sounding tube and 2nd sounding tube can demonstrate a certainly equal 
propagation characteristic, the accuracy of measurement improves. Since it is not necessary to 
form two or more sounding tubes, simplification of a system is attained. 

0037The cross-section area of the 1st and 2nd sounding tubes 11 and 15, It is preferred that 
the sectional shape of being set up smaller than the area which serves as a plane wave to 
object upper limited frequency, for example, the inner skin of the 1st and 2nd sounding tubes 
11 and 15, is set as the size and shape which contain thoroughly the shape almost equal to a 
periphery edge or this shape of the parting plane la inside. Thereby, since the parting plane 
11a and the radiation sound from the diaphragm 17 are spread, respectively, without 
decreasing the inside of the 1st and 2nd sounding tubes 11 and 15, their accuracy of 
measurement improves. 

0038By sticking and arranging the sound-absorbing material 27 on each inner skin of the 1st 
and 2nd sounding tubes 11 and 15, generating of resonance is controlled in the 1st and 2nd 
sounding tubes 11 and 15, and the accuracy of measurement improves. It Is demonstrated 
even if the depressor effect of resonance is not established throughout each inner skin of the 
1st and 2nd sounding tubes 11 and 15, For example, if it provides In the field of a semicircle as 
shown in drawing 3 (a) when the sounding tubes 11 and 15 are cylindrical, the effect will fully 
be acquired, and if it provides throughout one inner surface among four inner surfaces as 
shown in drawing 3 (b) when it is rectangular cylinder form, the effect will fully be acquired. 
Since the composition of the 2nd sounding tube 15 is almost the same as that of the 1st 
sounding tube 11, the graphic display is omitted. 

0039By blockading the other end lib of the 1st sounding tube 11, the influence of the 
radiation sound from other than parting plane la can be eliminated still more certainly, and the 
accuracy of measurement improves. In this case, although it is also possible to blockade the 
other end lib by the sounding tube 11, the lid formed in one, etc., it is most preferred for it to 
be more desirable to blockade with the sound-absorbing material 29, as shown in drawing 4, 
and to provide with the sound-absorbing material 27 on inner skin further. Also in the 2nd 
sounding tube 15, Influence can be eliminated from the exterior by blockading similarly the 
other end 15b of the 2nd sounding tube 15. 

0040Next, the conducted experiment using the instrumentation system concerning this 
embodiment is explained. 

0041AS shown in drawing 5 (a), in the 1st sound pressure measuring device 3 used in the 
experiment, the vibrating wall 1 which is a noise source is formed in the shape of a rectangular 
plate object of a 2-mm-thlck griddle, and is being fixed to the buck 31, The buck 31 is formed 
in the shape of which has an open face on the whole surface a box, and it Is arranged so 
that an open face may be horizontally suitable. The vibrating wall 1 is concluded by the edge 
part of the open face with two or more bolts so that the open face of the buck 31 may be 
blockaded. The loudspeaker 33 is being fixed on the field which carries out for relativity to the 
vibrating wall 1 in the buck 31. The buck 31 is formed of the griddle which has 10 sufficient mm 
in thickness so that the sound emitted from the loudspeaker 33 may be emitted by sound 
excitation only from the vibrating wall 1. 20 division (four rows by five rows) of the outside 
surface of the vibrating wall 1 which is a sound source is carried out, and the one parting plane 
la is set as the approximately square of 80 mm x 80 mm. 

0042The 1st sounding tube 11 is formed in the shape of which has sectional shape and a 
size almost equal to the parting plane la a rectangle barrel, and is attached to the traverse 
device besides a graphic display. The traverse device is supporting the 1st sounding tube 11 to 
the parting plane la, enabling free movement in a parallel direction and a vertical direction, 
where the normal line direction of the outside surface (parting plane la) of the vibrating wall 1 
Is met. Length L of the sounding tube 11 is set as 40 mm so that the sound pressure in the 
sounding tube 11 may not be influenced by surroundings lump. The distance Ln from the 
opening 11a of the sounding tube 11 to the microphone 13 is set as 30 mm so that the 
radiation sound from the vibrating wall 1 (parting plane la) may serve as a plane wave 
certainly. 
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0043Measurement of the radiation sound from the vibrating wall 1 moved the 1st sounding 
tube 11 to each parting plane la with a traverse device, and was performed by measuring the 
sound pressure Pi in the sounding tube 11 with the microphone 13 on the basis of the input 
voltage E from the power amplification 39 to the loudspeaker 33. Under the present 
circumstances, the position of the sounding tube 11 to each parting plane la was adjusted so 
that the sounding tube 11 might be arranged along the normal line direction of each parting 
plane la and the opening 11a of the end of the sounding tube 11 might estrange only the 
prescribed distance h from each parting plane la. About this distance h, it measured about 
three conditions (1 mm, 5 mm, and 15 mm). 

0044Simultaneously, for comparison with the result obtained by this experiment, the reflection 
type besides a graphic display was stuck on each parting plane la, and the velocity of vibration 
was measured, adjusting an optic axis to each parting plane la of every using the noncontact 
laser vibration meter (LDV) 37. LDV37 was used in order to eliminate the influence of the mass 
by an accelerometer, 

0045AS shown in drawing 5 (b), in the 2nd sound pressure measuring device 5 used for the 
experiment, the support plate 21 is formed with Iron material with a thickness of 30 mm which 
has sufficient rigidity. The microphone 23 is embedded at the support plate 21 so that it may be 
located on the outside surface of the support plate 21 in which the sound-collecting part carries 
out for relativity to the opening 15a of the end of the 2nd sounding tube 15. The 2nd sounding 
tube 15 has the 1st size and shape almost equal to the sounding tube 11, and it Is arranged so 
that the normal line direction of opposite Perilla frutescens (L.) Britton var. crispa (Thunb,) 
Decne. may be met at the support plate 21. The area of the diaphragm besides the graphic 
display of the loudspeaker 19 in the 2nd sounding tube 15 is beforehand set as the prescribed 
area SO. 

0046Measurement of the radiation sound from the loudspeaker 19 was performed by 
measuring the sound pressure PO of the radiation sound from the loudspeaker 19 with the 
microphone 23 on the basis of the input voltage e from the power amplification 43 to the 
loudspeaker 19. About the distance h along said normal line direction of the microphone 23 and 
the opening 15a of the sounding tube 15, it measured about three conditions (1 mm, 5 mm, 
and 15 mm). 

0047Simultaneously, it measured by LDV besides a graphic display of the velocity of vibration 
VO of the diaphragm besides the graphic display in the loudspeaker 19. Having used LDV has 
the dramatically small mass of a diaphragm, and it is easy to generate partial vibration and 
rolling in response to the influence by the weight in a contact type. 

0048The sound pressure Pi of the radiation sound from the loudspeaker 19 measured with the 
microphone 23 is inputted into the high speed operation device (FFT) 41 as the operation part 
7. The velocity of vibration Vi measured by the area Si and LDV of the diaphragm 17 is 
beforehand inputted into FFT41, and is memorized, and the propagation characteristic Hpi is 
computed and outputted to it at each distance h of every according to said formula (4) from Pi, 
Si, and Vi. 

0049The sound pressure PO of the radiation sound from the parting plane la measured with 
the microphone 13 of the 1st sound pressure measuring device 3 is inputted into the high speed 
operation device (FFT) 35 as the operation part 9. The propagation characteristic Hpi computed 
by FFT41 and the area SO of the parting plane la are beforehand inputted Into FFT35, and are 
memorized, The volume velocity QO is computed by every parting plane la according to these 
PO , Hpi, and SO to said formula (5) and/or (6), and the aggregate value sigmaQO is outputted 
eventually. The velocity of vibration measured by LDV37 is also inputted into FFT35. In FFT35, 
by multiplying the velocity of vibration measured by LDV37 by the area SO of the parting plane 
la, the theoretical value of the volume velocity in this experiment is computed by every parting 
plane la, and the aggregate value sigmaQt is outputted eventually. 
OOSONext, the result of this experiment is explained based on drawing 6 - drawing 9. 
OOSlThe propagation characteristic Hp of each distance h of every which was outputted 
from FFT41 is expressed to drawing 6. It was checked that a level also increases, when the 
frequency characteristic showed the identical trend and its distance h increased, although there 
was a level difference by the distance h as shown in drawing 6. 

0052The aggregate value (experimental value) sigmaQO of the volume velocity characteristic 
computed in drawing 7 - drawing 9 at every parting plane la using the above-mentioned 
expression of relations (5) based on a reciprocity theorem, Aggregate value (theoretical value) 
sigmaQn of the volume velocity characteristic for which every parting plane la was asked from 
the velocity of vibration measured directly is similarly expressed with LDV37 to each distance 
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(h= 1 mm, 5 mm, 15 mm) of every between the rectangular vibrating wall 1 and the 
sounding tube 11 which are sound sources . In drawing 7 - drawing 9, the experimental 
value sigmaQO is a dashed line, and theoretical-value sigmaQn is expressed as the solid line, 
respectively. 

0053In this experiment, It was checl<ed that the measuring time for calculating the 
experimental value sigmaQO can be shortened about to 1/5 compared with the measuring time 
(measuring time for calculating theoretical-value sigmaQn) which used LDV37. 
0054AS shown in drawing 7, in the case of h= 1 mm of distance, each peak and a level were in 
agreement good to 1 kHz, and it was checked that the difference is less than about **3 dB. 
0055AS shown In drawing 8, In the case of h= 5-mm distance, there was a difference of 4-5 dB 
below 300 Hz, but In other fields, it was checked to 1 kHz that the difference is less than about 
**3 dB. 

0056AS shown in drawing 9, in the case of h= 15-mm distance, the peak up to 1 kHz was 
mostly in agreement, but on the whole, the level produced a difference of +5-+ 10 dB, and it 
was checked that especially the difference in 500 Hz or less is large. 

0057It was checked by the above experimental result by the reciprocity theorem that the 
propagation characteristic Hp! which includes the sounding tube 15 from the vibrating wall 1 
can be searched for with sufficient accuracy by the simple method using the sounding tube 15 
and the microphone 23. 

0058It was checked by using the propagation characteristic Hpi searched for and the sound 
pressure PO measured with the sounding tube 11 that it can ask for the volume velocity 
characteristic of a vibrating structure with sufficient accuracy simple. 
0059 

Effect of the InventionAs explained above, according to the instrumentation method and 

instrumentation system concerning this invention, the volume velocity QO of a measured plane 
is called for by a noncontact state from a measured plane. Since a large device is not included 
on structure, large-scale equipment Is not needed. Since it is reflected in the outer wall of the 
1st sounding tube, the radiation sound from other than a measured plane can eliminate the 
influence of the sound source near the measured plane, and further, that it is hard to receive 
change of the reflectance of a measured plane, and the influence of shape, since adjusting time 
is unnecessary, it can measure it in a short time. 



Field of the InventionThis invention relates to the method and device which measure surface 
vibration of a structure. 



Description of the Prior Artin order to measure vibration of a structure generally, the 

accelerometer is used widely. However, when vibration of a low-mass portion was measured 
like measurement of surface vibration of the thin gauge structure which noise tends to 
generate, or measurement of the plane of vibration of a loudspeaker, even if it used the small 
accelerometer, there was inconvenience that the mass will affect a measurement value. 
00030n the other hand, according to the technique of asking for the velocity of vibration by 
non-contact, it is possible to perform oscillating measurement of a low-mass portion correctly. 
As such a technique, the method of using a laser Doppler velocimeter (LDV), the sound 
intensity method, the acoustical holography method, etc. are known. 



Effect of the InventionAs explained above, according to the instrumentation method and 
instrumentation system concerning this invention, the volume velocity QO of a measured plane 
is called for by a noncontact state from a measured plane. Since a large device is not included 
on structure, targe-scale equipment is not needed. Since it is reflected in the outer wall of the 
1st sounding tube, the radiation sound from other than a measured plane can eliminate the 
influence of the sound source near the measured plane, and further, that it is hard to receive 
change of the reflectance of a measured plane, and the influence of shape, since adjusting time 
is unnecessary, it can measure it in a short time. 
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Problem(s) to be Solved by the InventionAlthough the sound intensity method is used 
widely and is well known also as particle-velocity mensuration, when a strong sound source 
exists near the portion under test, there is a problem that a possibility that a measurement 
error will increase that it is easy to receive the influence is high. By the method and acoustical 
holography method for using LDV, there is inconvenience that equipment is large-scale and that 
it is expensive, in the method of using especially LDV, it is easy to receive change of the 
reflectance of a portion under test, and the influence of shape, and there is also a problem that 
measuring time including adjusting time takes great time. 

OOOSThis invention was made in view of the above-mentioned actual condition, and is ****. 
The purpose does not need equipment, but the influence of the sound source near the 
measured plane can be eliminated, and it is offer of the oscillating instrumentation method of 
the structure by non-contact measurable with a short time , and a ******** system. 



Means for Solving the ProblemAn oscillating instrumentation method concerning this 
invention that the above-mentioned purpose should be attained, The 1st sounding tube that has 
an opening at the end is arranged so that this opening may estrange only the prescribed 
distance h from a measured plane. The sound pressure PO of a sound emitted from said 
measured plane in a position which estranged only the prescribed distance Ln from said opening 
within said 1st sounding tube is measured. It arranges so that only said prescribed distance Ln 
may be estranged from said opening in the 2nd sounding tube that has an opening for a 
diaphragm which has prescribed area SI and vibrates by the velocity of vibration Vi at the end, 
and can demonstrate a propagation characteristic almost equal to said 1st sounding tube. The 
sound pressure Pi of a sound emitted from said diaphragm In a position which counters with 
said opening out of said 2nd sounding tube, and estranges only said prescribed distance h from 
this opening is measured, According to following formula Hpi=Si xVi /Pi, the propagation 
characteristic Hpi is computed from said area Si, the velocity of vibration Vi, and the sound 
pressure Pi, and the volume velocity QO of a measured plane is computed according to following 
formula VO =P0 xHpi from this propagation characteristic Hpi and the sound pressure PO. 
0007An oscillating instrumentation system concerning this invention is provided with the 
following. 

The 1st sound pressure measuring device. 
The 2nd sound pressure measuring device. 
Operation part. 

OOOSThe 1st sounding tube arranged so that said 1st sound pressure measuring device may 
have an opening at the end and this opening may estrange only the prescribed distance h from 
a measured plane. It has the 1st sound pressure test section that measures the sound pressure 
PO of a sound which is arranged In said 1st sounding tube and emitted from said measured 
plane so that only the prescribed distance Ln may be estranged from said opening. The 2nd 
sounding tube that said 2nd sound pressure measuring device has an opening at the end, and 
can demonstrate a propagation characteristic almost equal to said 1st sounding tube, A 
diaphragm which is arranged in said 2nd sounding tube, has prescribed area Si, and vibrates by 
the velocity of vibration Vi so that only said prescribed distance Ln may be estranged from said 
opening. It has the 2nd sound pressure test section that measures the sound pressure Pi of a 
sound which is arranged out of said 2nd sounding tube, and is emitted from said diaphragm so 
that it may counter with this opening in a position which estranged only said prescribed 
distance h from said opening. Said operation part computes the propagation characteristic Hpi 
according to following formula Hpi=Si xVi /Pi from said area Si, the velocity of vibration Vi, and 
the sound pressure Pi, and computes the volume velocity QO of a measured plane according to 
following formula VO =P0 xHpi from this propagation characteristic Hpi and the sound pressure 
PO. 

0009According to the above-mentioned instrumentation method and the instrumentation 
system, the volume velocity QO of a measured plane is called for by a noncontact state from a 
measured plane. Since a large device is not included on structure, large-scale equipment is not 
needed, Since it is reflected in an outer wall of the 1st sounding tube, the radiation sound from 
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other than a measured plane can eliminate Influence of a sound source near the measured 
plane, and further, that it is hard to receive change of reflectance of a measured plane, and 
influence of shape, since adjusting time Is unnecessary, it can measure It in a short time. 
OOlOIn the above-mentioned instrumentation method and an instrumentation system, the 
other end of said 1st sounding tube may be blockaded. Thereby, influence of a radiation sound 
from other than a measured plane can be eliminated still more certainly, and the accuracy of 
measurement improves. The other end of the 2nd sounding tube may be blockaded similarly. 
OOllln the above-mentioned instrumentation method and an instrumentation system, a 
sound-absorbing material may be arranged at least to a part which it is on each inner skin of 
said 1st and 2nd sounding tubes. Thereby, generating of resonance is controlled in the 1st and 
2nd sounding tubes, and the accuracy of measurement improves. 

0012In an aforesaid measuring method and a measurement system, it may be one sounding 
tube with which said 1st sounding tube and said 2nd sounding tube are common. Thereby, 
since the 1st sounding tube and 2nd sounding tube can demonstrate a certainly equal 
propagation characteristic, the accuracy of measurement improves. Since it Is not necessary to 
form two or more sounding tubes, simplification of a system is attained. 

0013AS for a cross-section area of said 1st and 2nd sounding tubes, in an aforesaid measuring 
method and a measurement system, it is preferred to be set up smaller than area which serves 
as a plane wave to object upper limited frequency. Thereby, since a measured plane and a 
radiation sound from a diaphragm are spread, respectively, without decreasing inside of the 1st 
and 2nd sounding tubes, their accuracy of measurement improves. 

0014The sound pressure Pi of a sound emitted from said diaphragm on the surface of a rigid 
high member by position which counters with said opening out of said 2nd sounding tube, and 
estranges only said prescribed distance h from this opening in an aforesaid measuring method 
and a measurement system may be measured. Said 1st sounding tube may be arranged along 
a normal line direction of said measured plane. 

OOlSThe velocity of vibration VO of a measured plane may be computed according to following 
formula VO =Q0 / SO from the volume velocity QO and the area SO of a measured plane. 
0016 

Embodiment of the InventlonHereafter, one embodiment of this Invention is described based 
on a drawing. 

0017They are a mimetic diagram showing the state where drawing 1 (a) does not have a 
mimetic diagram of the 1st sound pressure measuring device of this embodiment, drawing 1 (b) 
does not have a mimetic diagram of the 2nd sound pressure measuring device of this 
embodiment, and drawing 2 (a) does not have the 1st sounding tube, and a mimetic diagram 
showing the state where drawing 2 (b) has the 1st sounding tube. 

OOlSFirst, the basic constitution of the instrumentation system concerning this embodiment is 
explained. 

0019AS shown in drawing 1 (a) and drawing 1 (b), the instrumentation system concerning this 
embodiment is provided with the following. 
The 1st sound pressure measuring device 3. 
The 2nd sound pressure measuring device 5. 
Operation part 7 and 9. 

0020The arbitrary parting planes (measured plane) la of the vibrating wall 1 which Is a 
measuring object had the prescribed area SO, and the 1st sound pressure measuring device 3 is 
provided with the 1st sounding tube 11 and 1st microphone (1st sound pressure test section) 
13. The 1st sounding tube 11 Is a tube-like object made of metal or resin in which the same 
sectional shape follows linear shape along with the medial axis, and the openings 11a and lib 
which present said sectional shape are formed in the both ends. The 1st sounding tube 11 has 
been arranged along the normal line direction of the parting plane la, and the opening 11a of 
an end has estranged only the prescribed distance h from the parting plane la. The microphone 
13 is arranged in the 1st sounding tube 11 so that only the prescribed distance Ln may be 
estranged along with a medial axis from the opening la, it measures the sound pressure PO of 
the sound emitted from the parting plane la, and outputs it to the operation part 9. The 
operation part 9 computes and outputs the volume velocity QO and/or the velocity of vibration 
VO by the method of mentioning later. 

0021The 2nd sound pressure measuring device 5 is provided with the following. 
The 2nd sounding tube 15. 

The loudspeaker 19 which has the diaphragm 17. 
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The rigid high support plate 21. 

The 2nd microphone (2nd sound pressure test section) 23. 

0022The 2nd sounding tube 15 Is a tube-like object made of metal or resin in which the same 
sectional shape follows linear shape along with the medial axis like the 1st sounding tube 11, 
and the openings 15a and 15b which present said sectional shape are formed in the both ends. 
The 2nd sounding tube 15 has shape almost equal to the 1st sounding tube 11, a size, and 
construction material so that a propagation characteristic almost equal to the 1st sounding tube 
11 can be demonstrated. As long as the state where insulation is very high is acquired 
necessarily identically as for these elements, both construction material may be different. 
0023The diaphragm 17 is arranged in the 2nd sounding tube 15 so that only the prescribed 
distance Ln may be estranged along with a medial axis from the opening 15a of an end. The 
diaphragm 17 has prescribed area Si and vibrates by the velocity of vibration Vi. The support 
plate 21 is arranged almost vertically to the medial axis of the 2nd sounding tube 15 at the 
position which counters with the opening 15a out of the 2nd sounding tube 15, and estranges 
only the prescribed distance h from the opening 15a. It is fixed on the outside surface of the 
support plate 21 in the position which estranged only the prescribed distance h from the 
opening 15a, and the microphone 23 measures the sound pressure Pi of the sound emitted from 
the diaphragm 17, and outputs it to the operation part 7. The operation part 7 computes and 
outputs the propagation characteristic Hpi by the method of mentioning later. 
0024Thus, the 1st sound pressure measuring device 3 and the 2nd sound pressure measuring 
device 5 are constituted equivalent about the propagation characteristic of a sound. 
0025Next, the instrumentation method concerning this embodiment is explained. 
0026The 1st sound pressure measuring device 3 and the 2nd sound pressure measuring device 
5, Since it is constituted equivalent about the propagation characteristic of a sound, the volume 
velocity QO of a reciprocity theorem to the parting plane la. The relation of a following formula 
(1) is materialized between the sound pressure PO detected with the microphone 13, the 
volume velocity Qi of the diaphragm 17, the sound pressure Pi detected with the microphone 
23, and the propagation characteristic Hpi. 
0027QO / PO =Qi /Pi =Hpi - (1) 

Here, as for the volume velocity QO, the area SO and the velocity of vibration VO of the parting 
plane la ask for the volume velocity Qi by area Si and the velocity of vibration Vi of the 
diaphragm 17 according to a following formula (2) and (3), respectively. 
0028QO =S0 xVO - (2) 
Qi =Si xVi -- (3) 

Therefore, the following formula (4), (5), and (6) is called for from a formula (1), (2), and (3). 
0029Hpi = Si xVi /Pi (4) 
QO =P0 xHpi - (5) 
VO =P0 xHpi/SO - (6) 

When measuring the volume velocity QO and/or the velocity of vibration VO of a sound which 
are emitted from the parting plane la, first, the 2nd sound pressure measuring device 5 is 
used, the sound pressure Pi of the sound emitted from the loudspeaker 19 (diaphragm 17) is 
detected with the microphone 23, and it is inputted into the operation part 7. Area Si and the 
velocity of vibration Vi of the diaphragm 17 are beforehand inputted into the operation part 7, 
and are memorized, and the propagation characteristic Hpi is computed according to a formula 
(4) from these Pi , Si, and Vi. 

OOSONext, the 1st sound pressure measuring device 3 is used, the sound pressure PO of the 
sound emitted from the parting plane la is detected with the microphone 13, and it is inputted 
into the operation part 9. The propagation characteristic Hpi computed by the operation part 7 
and the area SO of the parting plane la are beforehand inputted into the operation part 9, and 
are memorized, and the volume velocity QO and/or the velocity of vibration VO of the parting 
plane la are computed according to these PO , Hpi, and SO to a formula (5) and/or (6). When 
only the volume velocity QO is computed, the area SO of the parting plane la does not need to 
be inputted into the operation part 9. 

0031According to such an instrumentation method and an instrumentation system, it can ask 
for the volume velocity QO and/or the velocity of vibration VO of the parting plane la by a 
noncontact state from the parting plane la. 

0032Since a large device is not included on structure, large-scale equipment is not needed. 
0033The radiation sound from other than parting plane la is reflected in the outer wall of the 
1st sounding tube 11. For example, if sound pressure Pm near the parting plane la is measured 
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with the microphone 25 in the state where the 1st sounding tube 11 is not formed as shown in 
drawing 2 (a), sound pressure Pm detected will be influenced by leak lump of the oscillating 
radiation sound Pj from an adjoining parting plane. For this reason, detection of the radiation 
sound only from the parting plane la which is a measuring object is difficult. On the other hand, 
as shown in drawing 2 (b), where the 1st sounding tube 11 Is formed. It is reflected in the outer 
wall of the 1st sounding tube 11, and the radiation sound from other than parting plane la is 
spread inside the sounding tube 11 by only the plane wave according to the velocity of vibration 
VO of the parting plane la, and can measure the sound pressure PO with the microphone 11. 
That is, the Influence of the sound source near the parting plane la can be eliminated. 
0034That it is hard to receive change of the reflectance of a measured plane (parting plane 
la), and the influence of shape, since adjusting time is unnecessary, it can measure extremely 
in a short time. 

0035The sectional shape In particular of the 1st sounding tube 11 and the 2nd sounding tube 
15 is not limited, and shape with various circular, rectangles, etc. may be applied. 
0036The 1st sounding tube 11 and 2nd sounding tube 15 may be one common sounding tube. 
Thereby, since the 1st sounding tube and 2nd sounding tube can demonstrate a certainly equal 
propagation characteristic, the accuracy of measurement improves. Since it is not necessary to 
form two or more sounding tubes, simplification of a system is attained. 

0037The cross-section area of the 1st and 2nd sounding tubes 11 and 15, It is preferred that 
the sectional shape of being set up smaller than the area which serves as a plane wave to 
object upper limited frequency, for example, the inner skin of the 1st and 2nd sounding tubes 
11 and 15, is set as the size and shape which contain thoroughly the shape almost equal to a 
periphery edge or this shape of the parting plane la Inside. Thereby, since the parting plane 
11a and the radiation sound from the diaphragm 17 are spread, respectively, without 
decreasing the inside of the 1st and 2nd sounding tubes 11 and 15, their accuracy of 
measurement improves. 

0038By sticking and arranging the sound-absorbing material 27 on each inner skin of the 1st 
and 2nd sounding tubes 11 and 15, generating of resonance is controlled in the 1st and 2nd 
sounding tubes 11 and 15, and the accuracy of measurement improves. It is demonstrated 
even if the depressor effect of resonance is not established throughout each inner skin of the 
1st and 2nd sounding tubes 11 and 15, For example, if it provides in the field of a semicircle as 
shown in drawing 3 (a) when the sounding tubes 11 and 15 are cylindrical, the effect will fully 
be acquired, and if it provides throughout one inner surface among four inner surfaces as 
shown in drawing 3 (b) when it is rectangular cylinder form, the effect will fully be acquired. 
Since the composition of the 2nd sounding tube 15 is almost the same as that of the 1st 
sounding tube 11, the graphic display is omitted. 

0039By blockading the other end lib of the 1st sounding tube 11, the influence of the 
radiation sound from other than parting plane la can be eliminated still more certainly, and the 
accuracy of measurement improves. In this case, although it is also possible to blockade the 
other end lib by the sounding tube 11, the lid formed in one, etc., it is most preferred for it to 
be more desirable to blockade with the sound-absorbing material 29, as shown in drawing 4, 
and to provide with the sound-absorbing material 27 on inner skin further. Also in the 2nd 
sounding tube 15, influence can be eliminated from the exterior by blockading similarly the 
other end 15b of the 2nd sounding tube 15. 

0040Next, the conducted experiment using the instrumentation system concerning this 
embodiment is explained. 

0041AS shown in drawing 5 (a), in the 1st sound pressure measuring device 3 used in the 
experiment, the vibrating wall 1 which is a noise source is formed in the shape of a rectangular 
plate object of a 2-mm-thick griddle, and is being fixed to the buck 31. The buck 31 is formed 
in the shape of which has an open face on the whole surface a box, and it is arranged so 
that an open face may be horizontally suitable. The vibrating wall 1 is concluded by the edge 
part of the open face with two or more bolts so that the open face of the buck 31 may be 
blockaded. The loudspeaker 33 is being fixed on the field which carries out for relativity to the 
vibrating wall 1 in the buck 31. The buck 31 Is formed of the griddle which has 10 sufficient mm 
in thickness so that the sound emitted from the loudspeaker 33 may be emitted by sound 
excitation only from the vibrating wall 1. 20 division (four rows by five rows) of the outside 
surface of the vibrating wall 1 which is a sound source is carried out, and the one parting plane 
la is set as the approximately square of 80 mm x 80 mm. 

0042The 1st sounding tube 11 is formed in the shape of which has sectional shape and a 
size almost equal to the parting plane la a rectangle barrel, and is attached to the traverse 
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device besides a graphic display. The traverse device is supporting the 1st sounding tube 11 to 
the parting plane la, enabling free movement in a parallel direction and a vertical direction, 
where the normal line direction of the outside surface (parting plane la) of the vibrating wall 1 
is met. Length L of the sounding tube 11 is set as 40 mm so that the sound pressure in the 
sounding tube 11 may not be influenced by surroundings lump. The distance Ln from the 
opening 11a of the sounding tube 11 to the microphone 13 is set as 30 mm so that the 
radiation sound from the vibrating wall 1 (parting plane la) may serve as a plane wave 
certainly. 

0043Measurement of the radiation sound from the vibrating wall 1 moved the 1st sounding 
tube 11 to each parting plane la with a traverse device, and was performed by measuring the 
sound pressure Pi in the sounding tube 11 with the microphone 13 on the basis of the input 
voltage E from the power amplification 39 to the loudspeaker 33. Under the present 
circumstances, the position of the sounding tube 11 to each parting plane la was adjusted so 
that the sounding tube 11 might be arranged along the normal line direction of each parting 
plane la and the opening 11a of the end of the sounding tube 11 might estrange only the 
prescribed distance h from each parting plane la. About this distance h, it measured about 
three conditions (1 mm, 5 mm, and 15 mm). 

0044Simuttaneousiy, for comparison with the result obtained by this experiment, the reflection 
type besides a graphic display was stuck on each parting plane la, and the velocity of vibration 
was measured, adjusting an optic axis to each parting plane la of every using the noncontact 
laser vibration meter (LDV) 37. LD\/37 was used in order to eliminate the Influence of the mass 
by an accelerometer. 

0045AS shown In drawing 5 (b), in the 2nd sound pressure measuring device 5 used for the 
experiment, the support plate 21 is formed with iron material with a thickness of 30 mm which 
has sufficient rigidity. The microphone 23 is embedded at the support plate 21 so that it may be 
located on the outside surface of the support plate 21 in which the sound-collecting part carries 
out for relativity to the opening 15a of the end of the 2nd sounding tube 15. The 2nd sounding 
tube 15 has the 1st size and shape almost equal to the sounding tube 11, and it is arranged so 
that the normal line direction of opposite Perilla frutescens (L.) Britton var. crispa (Thunb.) 
Decne. may be met at the support plate 21. The area of the diaphragm besides the graphic 
display of the loudspeaker 19 in the 2nd sounding tube 15 is beforehand set as the prescribed 
area SO. 

0046Measurement of the radiation sound from the loudspeaker 19 was performed by 
measuring the sound pressure PO of the radiation sound from the loudspeaker 19 with the 
microphone 23 on the basis of the input voltage e from the power amplification 43 to the 
loudspeaker 19. About the distance h along said normal line direction of the microphone 23 and 
the opening 15a of the sounding tube 15, it measured about three conditions (1 mm, 5 mm, 
and 15 mm). 

0047Simultaneously, it measured by LDV besides a graphic display of the velocity of vibration 
VO of the diaphragm besides the graphic display in the loudspeaker 19. Having used LDV has 
the dramatically small mass of a diaphragm, and it is easy to generate partial vibration and 
rolling in response to the influence by the weight in a contact type. 

0048The sound pressure Pi of the radiation sound from the loudspeaker 19 measured with the 
microphone 23 is inputted into the high speed operation device (FFT) 41 as the operation part 
7. The velocity of vibration Vi measured by the area Si and LDV of the diaphragm 17 is 
beforehand inputted into FFT41, and is memorized, and the propagation characteristic Hpi is 
computed and outputted to it at each distance h of every according to said formula (4) from Pi, 
Si, and Vi. 

0049The sound pressure PO of the radiation sound from the parting plane la measured with 
the microphone 13 of the 1st sound pressure measuring device 3 is inputted into the high speed 
operation device (FFT) 35 as the operation part 9. The propagation characteristic Hpi computed 
by FFT41 and the area SO of the parting plane la are beforehand inputted into FFT35, and are 
memorized. The volume velocity QO is computed by every parting plane la according to these 
PO , Hpi, and SO to said formula (5) and/or (6), and the aggregate value sigmaQO Is outputted 
eventually. The velocity of vibration measured by LDV37 is also inputted into FFT35. In FFT35, 
by multiplying the velocity of vibration measured by LDV37 by the area SO of the parting plane 
la, the theoretical value of the volume velocity in this experiment is computed by every parting 
plane la, and the aggregate value sigmaQt is outputted eventually. 
OOBONext, the result of this experiment is explained based on drawing 6 - drawing 9. 
OOSlThe propagation characteristic Hp of each distance h of every which was outputted 
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from FFT41 is expressed to drawing 6. It was checked that a level also increases, when the 
frequency characteristic showed the identical trend and its distance h increased, although there 
was a level difference by the distance h as shown in drawing 6. 

0052The aggregate value (experimental value) sigmaQO of the volume velocity characteristic 
computed in drawing 7 - drawing 9 at every parting plane la using the above-mentioned 
expression of relations (5) based on a reciprocity theorem, Aggregate value (theoretical value) 
sigmaQn of the volume velocity characteristic for which every parting plane la was asked from 
the velocity of vibration measured directly is similarly expressed with LD\/37 to each distance 
(h= 1 mm, 5 mm, 15 mm) of every between the rectangular vibrating wail 1 and the 
sounding tube H which are sound sources . In drawing 7 - drawing 9, the experimental 
value SigmaQO is a dashed line, and theoretical-value sigmaQn is expressed as the solid line, 
respectively. 

0053In this experiment, it was checked that the measuring time for calculating the 
experimental value sigmaQO can be shortened about to 1/5 compared with the measuring time 
(measuring time for calculating theoretical-value sigmaQn) which used LDV37. 
0054AS shown in drawing 7, in the case of h= 1 mm of distance, each peak and a level were in 
agreement good to 1 kHz, and it was checked that the difference is less than about **3 dB. 
0055AS shown in drawing 8, in the case of h= 5-mm distance, there was a difference of 4-5 dB 
below 300 Hz, but in other fields. It was checked to 1 kHz that the difference is less than about 
**3 dB. 

0056AS shown In drawing 9, in the case of h= 15-mm distance, the peak up to 1 kHz was 

mostly in agreement, but on the whole, the level produced a difference of +5-+10 dB, and it 
was checked that especially the difference in 500 Hz or less is large. 

0057It was checked by the above experimental result by the reciprocity theorem that the 
propagation characteristic Hp! which includes the sounding tube 15 from the vibrating wall 1 
can be searched for with sufficient accuracy by the simple method using the sounding tube 15 
and the microphone 23. 

0058It was checked by using the propagation characteristic Hpi searched for and the sound 
pressure PO measured with the sounding tube 11 that it can ask for the volume velocity 
characteristic of a vibrating structure with sufficient accuracy simple. 



Brief Description of the Drawings 

Drawing IDrawing 1 (a) Is a mimetic diagram of the 1st sound pressure measuring device of 
this embodiment, and drawing 1 (b) is a mimetic diagram of the 2nd sound pressure measuring 
device of this embodiment. 

Drawing 2Drawing 2 (a) is a mimetic diagram showing the state where there is no 1st 
sounding tube, and a mimetic diagram showing the state where drawing 2 (b) has the 1st 
sounding tube. 

Drawing 3The sectional view and drawing 3 (b) in which the state where drawing 3 (a) stuck 
silencing materials on the inner skin of a cylindrical sounding tube is shown are a sectional view 
showing the state where silencing materials were stuck on the inner surface of a rectangle 
barrel-like sounding tube. 

Drawing 4The other end is a sectional view showing the sounding tube blockaded with 
silencing materials. 

Drawing 5The mimetic diagram of the experimental device corresponding to drawing 1 (a) In 
drawing 5 (a) and drawing 5 (b) are the mimetic diagrams of the experimental device 
corresponding to drawing 1 (b). 

Drawing 6It is a figure showing the propagation characteristic of each distance h of every 

which was called for by the experiment concerning this embodiment . 

Drawing 7It is a figure showing the experimental value and theoretical value of an aggregate 

value of the volume velocity characteristic in the case of h= 1 mm of distance. 

Drawing 8It is a figure showing the experimental value and theoretical value of an aggregate 

value of the volume velocity characteristic in the case of h= 5-mm distance. 

Drawing 9It is a figure showing the experimental value and theoretical value of an aggregate 

value of the volume velocity characteristic in the case of h= 15-mm distance. 

Description of Notations 

1 Vibrating wall 

la The parting plane of a vibrating wall (measured plane) 
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3 The 1st sound pressure measuring device 

5 The 2nd sound pressure measuring device 

7 Operation part 

9 Operation part 

11 The 1st sounding tube 

13 Microphone (1st sound pressure test section) 
15 The 2nd sounding tube 
17 Diaphragm 
19 Loudspeaker 

23 Microphone (2nd sound pressure test section) 



Drawing 1 

For drawings please refer to the original document. 
Drawing 2 

For drawings please refer to the originai document. 

Drawing 3 

For drawings please refer to the original document. 

Drawing 4 

For drawings please refer to the original document. 

Drawing 6 

For drawings please refer to the original document. 

Drawing 5 

For drawings please refer to the original document. 
Drawing 7 

For drawings please refer to the original document. 
Drawing 8 

For drawings please refer to the original document. 

Drawing 9 

For drawings please refer to the original document. 
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Written amendment 

Filing dateJanuary 9, Heisei 13 (2001,1.9) 
Amendment 1 

Document to be AmendedSpecification 
Item(s) to be AmendedThe name of an Invention 
i^ethod of AmendmentChange 
Proposed Amendment 

Title of the InventionAn oscillating instrumentation method and an oscillating instrumentation 
system 
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